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ABSTRACT

The kinetic method for estimation of alditols byriwm (IV) in acidic medium has been investigated
spectrophotometrically at 360nm under pseudo-firster condition. The reaction was first order witlspect to
substrate and oxidant. The estimation has been ffonethe calibration plots obtained by using psedidst order
rate constant of the indicator reaction and also fixed time and fixed absorbance method. The rata @vas
obtained for the indicator reaction under varyinigétic experimental conditions. Results of thigdgtindicate that
the estimated values for the simulated samplesa@msistent and reproducible with in ~ £1%.
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INTRODUCTION

Kinetic studies have been used as a tool to knewrtbchanism of a reaction. Kinetics provides thatrimoportant
indirect evidence in the mechanism. The metal kidants have been widely employed in synthetic dbegjl-2]
including carbohydrate chemistry[3-6]. These aebl&t inexpensive and can readily be stored andiédnkinetic
method of analysis have been widely developed awéped in chemical analysis of different sampk[7
Alditols are acyclic, polyhydric alcohols, that avede spread in nature, particularly in lower forafdife. Amongst
hexitols, D-Sorbitol and D-Mannitol have various dizal applications and both have the same molecular
formula(GH1405). Both these hexitols are used in chewing gum,colate, Ice creams, Pharmaceutical &
nutritional tablets.The kinetic and mechanisticdsts of these hexitols with metal oxidants Mangefsy,
Rhodium[11-12] have been reported. The present wledcribes the preliminary procedure for the edtonaof
alditols with Ce(IV) in sulphuric acid medium.

MATERIALSAND METHODS

Materials:

Commercially available chemicals of pure qualityevesed without further purification. Stock solutiof alditols(
D-sorbitol and D-mannitol) were prepared in doutiittilled water. C¥ stock solution were prepared by dissolving
Ceric sulphate (Loba chemie) in aqueous sulphuwiit 8ystronics-104 visible spectrophotometer waslus

Kinetic Method:
The kinetic runs were performed in stoppered glessels in a controlled temperature(z 0.1°C) whtgh. The
kinetics of redox reaction between alditols (D-stmiband D-mannitol) and cerium(lV) in sulphuricidanedium
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was followed under pseudo first order conditionrbgasuring absorbance at 360nm at constant temperdioe
unknown is calculated in simulated sample by fitietk method and fixed absorbance method from theession
equations.

RESULTSAND DISCUSSION
Indicator Reaction- The reaction followed first erckinetics upto 2 half lives. The rate increaseth whe first
power of concentrations of alditols,sulphuric adigidrogen ion, bisulphate ion.These indicator ieastbetween
alditols and cerium(lV) in sulphuric acid mediumdan the kinetic run conditions can be represensdd aq.(1).

CeH1405 + 12Ce(IV) + 6HO — BHCOOH + 6H+ 12Ce(lll)

The formation of formic acid was confirmed by ussgbt test and now by paper chromatography and HPLC
methods.

Kinetic estimation- The rate of these indicator ctems under the present kinetic conditions in terof
disappearance of cerium(lV) with time at constemiperature and sulphuric acid concentration cagiven by

-d[C€Y] = ko [ cerium(1V)], [ alditol]o

dt  =ks[C]e 2)
Thus when [aldito] >> [ C€"],
Then,
Kops= ko[ alditols] ~ -eev @)

Eq.(2) alternatively expressed as eq.(4) for th@efichange in the initial concentration of cerilM)(in a given
fixed time interval.

-A[CE"Y] =k [CEY]o [alditols]y ------ (4)

.\

The initial concentration of cerium(lV) i.e. [€& is kept constant in each kinetic run with varyingtial
concentration of alditols i.e.[alditolg]therefore

-A[CEY] =k [alditols]y, - (5)
Al

Equation 3 & 5 have been used to obtain the folhgwdifferent three calibration plots to determiree t
concentrations (D-sorbitol & D-mannitol) of simwdtsamples of alditols.

* kopsand [alditol].
« Absorbance i.e.[C¥, and [alditol}, at fixed time intervals.
« Time in seconds and [alditol]0 at fixed absorbaineeat fixed concentration of [¢4, .

The kinetic data of variation otk , [Fig.1(a), (b)] absorbance at fixed time intéfvgig.2(a), (b)] and time at fixed
absorbance with initial concentration of alditdFig.3(a), (b)] in different kinetic run are givemaghically for D-
Sorbitol and D- Mannitol.
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D-Sorbitol Vs Kgys
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10" kops = 1.213[D-sorbitol]- 0.167 Corr. Coeff. = 0.99
Result: 1§{Unknown-1](moldm?®) = 3.77(calcd.): 3.75(actual)
10°[Unknown-2](moldn?) = 6.24(calcd.): 6.25(actual)

(a) Estimation of D-Sorbitol

D-Mannitol VsKgps
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10%[MannitolJmoldm3

10" kops = 0.878[D-Mannitol]+ 0.703 Corr. Coeff. = 0.99
Result: 1§{Unknown-1](moldn®) = 3.77(calcd.): 3.75(actual)
10°[Unknown-2](moldn?®) = 6.20(calcd.): 6.25(actual)

(b) Estimation of D-Mannitol

Fig.1 Estimation of alditols by variation of kobswith [alditol]. 104Ce'V] = 2.5 moldm3; [H,SO,] = 0.7moldm™;, Temp.= 296K ; £ = 360nm.
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D-Sor bitol Vs Absorbance
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10*[Sorbitollmaldm?3

Ag = - 0.054[D-Sorbitol]+ 1.003 Corr. Coeff. =0.99
A1, = - 0.076[D-Sorbitol]+ 0.905 Corr. Coeff. = 0.97
A1g = - 0.080[D-Sorbitol]+ 0.783 Corr. Coeff. = 0.97
Result: 1§{Unknown-1](moldm?®) = 3.76(calcd.): 3.75(actual)
10°[Unknown-2](moldn?) = 6.26(calcd.): 6.25(actual)

(a) Estimation of D-Sorbitol

D-Mannitol Vs Absorbance
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102[Mannitollmoldm-3

Ag = - 0.039[D-Mannitol]+ 0.942 Corr. Coeff. = 0.98

A1, = - 0.059[D-Mannitol]+ 0.905 Corr. Coeff. = 0.98

A1 =- 0.067[D-Mannitol]+ 0.759 Corr. Coeff. = 0.97
Result: 1§{Unknown-1](moldm?®) = 3.77(calcd.): 3.75(actual)
10°[Unknown-2](moldn) = 6.24(calcd.): 6.25(actual)

(b) Estimation of D-Mannitol

Fig.2 Estimation of alditols by variation of absor bance at fixed time. 10°/C€'Y] = 2.5 moldm™®; [H,SO,] = 0.7moldm™®; Temp.= 296K ; £ =
360nm.
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D-Sorbitol Vs Time
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102[Sorbitollmoldm 3

tog = - 1.144[D-Sorbitol]+10.63 Corr. Coeff. = 0.90

tos = - 2.316[D-Sorbitol]+21.88 Corr. Coeff. = 0.90

to.4 = - 3.72[D-Sorbitol]+36.28 Corr. Coeff. = 0.93

Result: 1§{Unknown-1](moldn®) = 3.8(calcd.): 3.75(actual)
10°[Unknown-2](moldn®) = 6.23(calcd.): 6.25(actual)

(c) Estimation of D-Sorbitol

D-Mannitol Vs Time
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tgg = - 0.956[D-Mannitol]+9.88 Corr. Coeff. = 0.90

tos = - 2.012[D-Mannitol]+20.8 Corr. Coeff. = 0.92

to.4 = - 3.190[D-Mannitol]+35.45 Corr. Coeff. = 0.94
Result: 1§{Unknown-1](moldn?) = 3.78(calcd.): 3.75(actual)
10°[Unknown-2](moldn®) = 6.25(calcd.): 6.25(actual)

(b)Estimation of D-Mannitol

Fig.3 Estimation of alditols by variation of time at fixed absor bance. 10°[C€"] = 2.5 moldm™®; [H,SO,] = 0.7moldm™3; Temp.= 296K ; £ =

360nm.
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The graphical data has been used to obtain unkmoweentration of simulated samples of alditols gsegression
equations in respective graphs.The results of slimation with actual theoretical values are als@igin respective
figures.

CONCLUSION

The popularity of reaction rate method in chemeadlysis is indicated by the variety of methodadsgihat have
been developed and appeared in many review artaldsresearch papers as well as in some book. btnea
method proposed is simple & accurate, hence theeabwthod can be used for estimation of alditolsSndustry
and for laboratory experiments at college level.
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